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Equation	1)	 𝑇𝑎𝑘𝑒 − 𝑂𝑓𝑓 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =  𝐹𝑙𝑖𝑔ℎ𝑡 𝑇𝑖𝑚𝑒 ∗  9.81 ∗  0.5	
























Equation	4)	 𝑃𝑜𝑤𝑒𝑟 = 𝐹𝑜𝑟𝑐𝑒 ∗ 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦	



































































































PeakP	 8.527	 <0.001	 0.179	
PeakF	 37.084	 <0.001	 0.487	
AvgP	 163.921	 <0.001	 0.808	
AvgF	 10.609	 <0.001	 0.214	
PP	%	Diff	 0.146	 0.865	 0.004	
PF	%	Diff	 8.437	 <0.001	 0.178	
AvgP	%	Diff	 4.050	 0.021	 0.094	
AvgF	%	Diff	 0.804	 0.451	 0.020	

































PeakP	 2.83	(0.46)	 2.56	(0.48)*	 2.29	(0.49)*†	
PeakF	 2.12	(0.55)	 3.32	(0.81)*	 4.02	(1.03)*†	
AvgP	 -0.86	(0.16)	 -1.31	(0.18)*	 -1.77	(0.21)*†	
AvgF	 0.82	(0.09)	 0.87	(0.08)*	 0.92	(0.07)*	†	
PP	%	Diff	 3.35	(2.55)	 3.64	(3.52)	 3.81	(3.33)	
PF	%	Diff	 17.87	(13.04)	 10.98	(7.37)*	 7.90	(5.11)*	
AvgP	%	Diff	 11.59	(9.95)	 7.40	(6.10)*	 5.96	(5.89)*	
AvgF	%	Diff	 10.93	(10.10)	 8.67	(9.24)	 7.90	(7.88)	

























































































RSI	–	AP	 0.00	 0.00	 0.00	 0.99	 -1.31	 <0.001	 -0.01	 0.99	
RSI	–	PF	 0.01	 0.00	 0.01	 0.92	 3.24	 <0.001	 -0.14	 0.92	

























































































PF	–	PF%D	 0.34	 0.12	 10.34	 0.002	 21.67	 <0.001	 -2.99	 0.002	
AP	–	AP%D	 0.26	 0.07	 5.49	 0.02	 14.63	 <0.001	 4.82	 0.02	


























































RSI	–	PF%D	 0.16	 0.03	 2.02	 0.16	 0.62	 0.94	 18.34	 0.16	
RSI	–	AP%D	 0.19	 0.04	 2.95	 0.09	 -2.67	 0.68	 17.32	 0.09	

































































AP	–	JH	 0.08	 0.01	 0.45	 0.51	 0.33	 <0.001	 -0.01	 0.51	
AF	–	JH	 0.33	 0.11	 9.50	 0.003	 0.24	 <0.001	 0.11	 0.003	
AP%D	–	JH	 0.10	 0.01	 0.82	 0.37	 0.33	 <0.001	 0.00	 0.37	
AF%D	–	JH	 0.21	 0.05	 3.76	 0.06	 0.33	 <0.001	 0.00	 0.06	
	
Note.		Regression	data	on	comparisons	made	between	various	neuromuscular	characteristics	of	
agility	and	rebound	jump	height.		Regressions	were	performed	using	pooled	data	from	three	depth	
jumps	performed	by	a	sample	of	young	females	from	an	NCAA	Division	I	volleyball	team	(total	jumps	
=	81).		RSI	=	Reactive	Strength	Index.		PP	=	peak	power.		PF	=	peak	force.		AP	=	average	power.		AF	=	
average	force.		PP%D	=	peak	power	percent	difference	between	right	and	left	legs.		PF%D	=	peak	
force	percent	difference	between	right	and	left	legs.		AP%D	=	average	power	percent	difference	
between	right	and	left	legs.		AF%D	=	average	force	percent	difference	between	right	and	left	legs.		JH	
=	rebound	jump	height.	
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Figure	6.	Significant	associations	between	various	neuromuscular	characteristics	of	agility	and	
rebound	jump	height.	
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CHAPTER	FOUR	
Discussion	
	
	
The	purpose	of	this	study	was	to	evaluate	the	influence	of	drop	height	on	and	
the	statistical	associations	between	Sheppard	and	Young’s	(2006)	neuromuscular	
characteristics	of	agility.		Participants	performed	depth	jumps	from	multiple	drop	
heights,	with	performance	assessed	using	measures	of	reactive	strength,	concentric	
strength	and	power,	and	bilateral	symmetry.	
Influence	of	Drop	Height	on	Dependent	Variables	
Dependent	measures	of	peak	power,	peak	force,	average	power,	average	
force,	peak	force	percent	difference,	and	average	power	percent	difference	were	
significantly	different	across	depth	jump	drop	heights	(Table	3).		Peak	power	and	
average	power	decreased,	while	peak	force	and	average	force	increased	at	greater	
drop	heights	(Table	3).		Negative	average	power	values	reflected	that	rebound	jump	
height	was	lower	than	drop	height.		Peak	and	average	power	decreased	(increased	
in	magnitude)	with	drop	height,	indicating	that	athletes	likely	landed	with	increased	
impact	velocity	and	force.		Peak	and	average	force	increases	were	also	likely	due	to	
the	increased	drop	height,	which	is	associated	with	larger	impact	velocities	and	
likely	higher	landing	forces.		
Interestingly,	as	drop	height	increased,	peak	force	increased	by	56.60%	and	
21.08%,	while	average	force	increased	just	6.10%	and	5.75%	(Table	3).		This	
difference	may	have	occurred	because	participants	were	required	to	absorb	greater	
amounts	of	energy	upon	landing	from	higher	drops,	but	may	have	been	unable	to	
maximize	the	transfer	of	energy	into	their	jump	phase.		Peak	force	percent	
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difference	and	average	power	percent	difference	both	decreased	with	drop	height	
increases,	indicating	a	decrease	in	asymmetry	present	with	higher	impact	velocities	
(Table	3).		With	increasing	drop	height	demands,	there	may	have	been	a	need	to	
balance	larger	impacts	across	both	limbs	as	muscles	were	taxed	closer	to	maximum	
(Schmidt	&	Lee,	2014).		Each	bilateral	symmetry	measurement	was	characterized	by	
large	standard	deviations	(Table	3),	reflecting	either	a	high	amount	of	variance	
between	individuals	or	that	participants	were	inconsistent	across	drop	jump	height	
conditions.		
Dependent	measures	of	RSI,	peak	power	percent	difference,	average	force	
percent	difference,	and	rebound	jump	height	were	not	significantly	different	across	
depth	jump	drop	heights	(Table	3).		A	previous	study	testing	drop	jumps	from	0.30	
m	found	average	RSI	scores	of	0.872	(0.185),	0.781	(0.159),	and	0.727	(0.145)	for	
NCAA	DI,	DII	and	DIII	women’s	volleyball	players	respectively	(Barnes	et	al.,	2007).		
The	population	and	procedure	are	highly	similar,	yet	RSI	scores	in	the	present	study	
were	lower	by	about	25%	(Table	3).		However,	the	drop	heights	used	in	the	present	
study	were	0.08	m,	0.23	m,	and	0.39	m	higher	than	the	0.30	m	height	used	in	Barnes	
et	al.’s	(2007)	study.		It	is	possible	that	the	box	heights	chosen	in	the	present	study	
produced	impacts	that	were	near,	or	exceeded	participants’	maximum	reactive	
capabilities.		A	lack	of	change	in	RSI	scores	across	drop	heights	suggests	that	drop	
heights	chosen	may	have	elicited	maximal	neuromuscular	reactivity	from	
participants.		Low	RSI	scores	suggest	that	this	sample	of	women’s	volleyball	players	
possess	below	average	reactive	strength.		
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Association	between	Neuromuscular	Characteristics	of	Agility	
It	was	hypothesized	that	the	strongest	associations	would	be	between	peak	
power,	RSI,	and	rebound	jump	height.		It	was	also	expected	that	concentric	strength	
and	power	would	associate	moderately	with	corresponding	measurements	of	
bilateral	symmetry.		Lastly,	it	was	expected	that	the	weakest	associations	would	be	
between	bilateral	symmetry,	RSI,	and	rebound	jump	height.		
Reactive	Strength	vs.	Concentric	Strength	and	Power	
Linear	regressions	revealed	weak	associations	between	RSI	and	peak	power	
(Table	4).		However,	RSI	was	modestly	associated	with	average	force.		Regressions	
revealed	that	34%	of	the	variance	in	RSI	explained	the	variance	in	average	force	
(Table	4),	while	just	16%	of	the	variance	in	RSI	explained	the	variance	in	peak	
power	(Table	4).		Linear	regressions	revealed	no	statistical	associations	between	
RSI	and	both	measures	of	average	power	and	peak	force.		
A	possible	explanation	for	the	lack	of	association	between	peak	force	and	RSI	
is	that	peak	force	is	a	single	data	point	reflecting	the	maximal	force	applied	to	the	
lower	extremity	kinetic	chain	during	the	landing	phase	of	depth	jumping,	and	likely	
does	not	contribute	much	to	either	rebound	jump	height	or	ground	contact	time.		
Although	not	observed	in	the	present	study,	it	would	be	reasonable	to	expect	that	
very	large	impact	forces	may	act	to	lengthen	ground	contact	time	by	increasing	the	
potentiation	of	the	Golgi	Tendon	Organ	reflex.		
In	the	present	study,	average	power	was	computed	across	the	entire	GRF	
time-series,	meaning	that	negative	power	during	the	landing	phase	and	positive	
power	from	the	take-off	phase	both	influenced	the	average	power	variable.		While	
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average	power	was	not	associated	with	RSI	in	the	present	study,	it	would	not	be	
surprising	to	observe	significant	associations	between	average	power	during	the	
take-off	phase	of	jumping	and	RSI.		However,	this	assumption	would	need	to	be	
evaluated	in	a	follow-up	investigation.		
Peak	power	was	associated	linearly	with	RSI,	perhaps	because	it	is	a	point	
measure	of	power	that	occurs	during	the	jump	phase	and	not	the	landing	phase.		
Average	force	may	have	associated	most	highly	with	RSI	of	all	concentric	strength	
and	power	measures	because	it	took	into	account	the	entire	process	leading	to	
takeoff,	therefore	including	measurements	from	the	time	in	ground	contact	and	the	
creation	of	forces	that	led	to	jump	height.		
Concentric	Strength	and	Power	vs.	Bilateral	Symmetry	
It	was	hypothesized	that	strength	and	power	measurements	would	associate	
strongly	with	their	respective	bilateral	symmetry	measurements.		Additionally,	it	
was	hypothesized	that	strength	and	power	variables	would	be	positively	associated	
with	bilateral	symmetry	(lower	percent	differences).		In	the	present	study,	all	
measures	of	strength	and	power,	except	average	force,	were	either	positively	or	
negatively	associated	with	corresponding	measures	of	bilateral	symmetry.		
Peak	power	and	peak	force	were	negatively	associated	with	corresponding	
measures	of	peak	power	percent	difference	and	peak	force	percent	difference	(Table	
5).		It	is	plausible	that	a	more	symmetrical,	stable	stance	would	contribute	to	an	
increased	ability	to	absorb	and	exert	external	force	and	power.		
In	contrast,	average	power	was	positively	associated	with	average	power	
percent	difference	(Table	5).		It	may	be	possible	that	since	average	power	contains	
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data	from	the	entire	time	period	where	the	feet	are	in	contact	with	the	ground,	
average	power	measurements	are	more	sensitive	to	bilateral	asymmetries.		
Reactive	Strength	vs.	Bilateral	Symmetry	
It	was	hypothesized	that	RSI	and	measures	of	bilateral	symmetry	would	be	
moderately	associated.		However,	in	the	present	study,	RSI	was	found	to	be	
associated	with	only	average	force	percent	difference,	and	association	was	weak	
(Table	6).		Regressions	suggested	that	for	every	one-unit	increase	in	RSI,	average	
force	percent	difference	would	be	expected	to	increase	23.87%	(Table	6).		This	may	
seem	like	a	large	increase,	however,	RSI	values	had	a	mean	of	0.64,	so	increases	in	
RSI	are	more	likely	to	be	on	the	scale	of	tenths	of	units	(Table	3).		Therefore,	a	one-
tenth	unit	increase	in	RSI	would	predict	a	2.387%	increase	in	average	force	percent	
difference.		Additionally,	the	proportion	of	variance	in	RSI	that	explained	the	
variance	in	average	force	percent	difference	was	just	5%	(Table	6).		A	negative	
association	between	RSI	and	average	force	percent	difference	is	logical	when	
considering	that	RSI	was	most	strongly	associated	with	average	force	out	of	all	
concentric	strength	and	power	measures	(Table	4).		There	were	no	significant	
associations	between	RSI	and	peak	power	percent	difference,	peak	force	percent	
difference,	or	average	power	percent	difference	(Table	6).		
Neuromuscular	Characteristics	vs.	Rebound	Jump	Height	
A	final	group	of	linear	regressions	evaluated	the	associations	between	
Sheppard	and	Young’s	(2006)	neuromuscular	characteristics	of	agility	and	rebound	
jump	height,	which	was	selected	as	a	dependent	measure	of	athletic	performance.		
Average	values	for	power	and	force	as	well	as	average	power	and	force	percent	
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differences	were	chosen,	as	they	best	represent	the	entirety	of	the	jump	phase.		It	
was	hypothesized	that	RSI	would	be	strongly	associated	with	jump	height,	which	
was	supported	by	the	results.		Regressions	revealed	that	70%	of	the	variance	in	RSI	
explained	the	variance	in	jump	height	(Table	7).		This	was	the	strongest	relationship	
between	any	two	dependent	variables	observed	in	the	present	study.		For	every	
one-unit	increase	in	RSI,	jump	height	increased	by	0.30	m	(Table	7).		A	more	
applicable	and	relevant	interpretation	would	be	that	for	every	one-tenth	unit	
increase	in	RSI,	jump	height	increased	by	0.03	m,	or	3	cm.		An	association	between	
RSI	and	jump	height	supports	the	validity	of	the	RSI	for	evaluating	explosiveness,	
since	the	drop	jump	is	a	quick	and	powerful	movement	with	rebound	jump	height	as	
the	measureable	movement	outcome.			
Average	force	was	also	significantly	associated	with	rebound	jump	height	
(Table	7).		Since	average	force	significantly	associated	with	RSI,	this	result	was	not		
surprising	(Tables	6,	7).		Regressions	revealed	that	11%	of	the	variance	in	average	
force	explained	the	variance	in	rebound	jump	height	(Table	7).		Additionally,	
regressions	suggested	that	for	every	meter	of	increased	rebound	jump	height,	
average	force	would	be	expected	to	increase	by	0.11	BW.		In	other	words,	average	
force	increased	by	an	average	of	0.001	BW	for	every	additional	centimeter	of	
rebound	jump	height	attained	(Table	7).		
Impact	on	Training	
Results	of	the	present	study	suggest	that	in	order	to	improve	explosiveness,	
strength	and	conditioning	coaches	may	consider	prioritizing	training	to	improve	
average	force.		Average	force	was	most	strongly	associated	with	both	RSI	and	jump	
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height	(Tables	4,	7).		Additionally,	peak	power	may	also	be	an	important	variable	to	
consider	for	monitoring	performance	in	training	programs	aimed	at	improving	
agility.		After	average	force,	peak	power	was	most	strongly	associated	with	RSI	and	
jump	height	(Tables	4,	7).		These	associations	support	the	idea	that	strength	is	a	
more	fundamental	capability	than	power.		In	other	words,	power	production	may	
not	be	effectively	maximized,	or	trained,	without	first	developing	a	base	level	of	
strength.		In	strength	and	conditioning	periodization	models,	such	as	the	Triphasic	
System,	strength	cycles	are	believed	to	maximize	athletic	performance	enhancement	
when	they	precede	power	cycles	(Dietz	&	Peterson,	2012).		
Results	of	the	present	study	did	not	support	the	notion	that	bilateral	
symmetry	influences	the	performance	of	explosive	movements.		For	instance,	RSI	
was	not	significantly	associated	with	percent	differences	in	peak	power,	peak	force,	
or	average	power	(Table	4).		Additionally,	neither	average	force	percent	difference	
nor	average	power	percent	difference	were	significantly	associated	with	rebound	
jump	height	(Table	7).		
Bilateral	symmetry	has	previously	been	shown	to	influence	injury	rates	and	
contribute	significantly	to	injury	prevention	(Paterno	et	al.,	2017).		Although	we	did	
not	collect	data	on	injury	rates	in	the	present	study,	a	large	degree	of	between-
subject	variability	suggests	that	some	participants	may	have	bilateral	deficits	due	to	
previous	injury,	training	history,	demands	of	sport,	or	intrinsic	physical	irregularity	
(Table	3).		
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Study	Limitations	and	Further	Research	
	 The	biggest	change	to	consider	in	future	studies	would	be	to	decrease	box	
heights,	or	employ	a	wider	range	of	box	heights	in	comparison	with	those	used	in	
the	present	study.		For	example,	previous	studies	used	box	heights	of	0.30	m	to	
assess	neuromuscular	reactivity	in	collegiate	female	volleyball	players	(Barnes	et	al.,	
2007);	0.30	m	for	various	male	athletes	(Young	et	al.,	2002);	0.15,	0.30,	0.45,	and	
0.60	m	for	male	basketball	players	(Struzik,	Juras,	Pietraszewski,	&	Rokita,	2016);	
0.60	m	for	various	male	athletes	(Kollias,	Panoutsakopoulos,	&	Papaiakovou,	2004);	
and	0.50,	0.66,	and	0.81	m	for	young,	college-aged	adults	and	collegiate	basketball	
players	(Louder,	2017).		Although	our	box	heights	of	0.38,	0.53	and	0.69	m	are	
within	the	range	presented	by	these	studies,	they	are	towards	the	higher	end	and	
exceed	the	height	of	0.30	m	used	in	the	most	similar	previous	study	(Barnes	et	al.,	
2007).		Neuromuscular	characteristics	tended	to	change	less	between	0.53	m	and	
0.69	m	than	between	0.38	m	and	0.53	m,	possibly	indicating	that	the	highest	drop	
height	conditions	elicited	maximal,	or	near	maximal	neuromuscular	reactivity	
(Table	3).		Protective	neuromuscular	functions	may	have	activated	and	lowered	
force	production.		Lower	box	heights	would	allow	a	more	effective	examination	of	
participants’	full	capabilities.		
	 It	would	also	be	interesting	to	collect	data	on	previously	injured	athletes,	or	
athletes	rehabilitating	from	injury	by	conducting	follow-up	examinations	to	
determine	the	impact	of	bilateral	symmetry	on	injury	and	rehabilitation.		It	may	be	
the	case	that	asymmetry	across	limbs	would	reflect	previous	injury	or	may	predict	
future	injury.	
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	 Lastly,	in	the	present	study,	statistical	assessments	were	made	using	a	
convenience	sample	of	nine	collegiate	volleyball	players.		Repeating	this	study	with	
more	participants,	and	thus	a	greater	sample	size,	would	provide	greater	statistical	
power	for	detecting	significance.		
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